Introduction {#sec1-1}
============

(dimethylbiguanide) today is a widely used drug prescribed for diabetic patients. The history of metformin dates back to the usage of the herb *Galega officinalis*. This herb was found to be rich in a substance called guanidine with blood-glucose-lowering properties, which later was discovered to be the chemical basis of metformin. Though an antidiabetic drug to begin with, metformin has proven to be a drug of importance, in a number of cutaneous indications. This review will discuss the dermatologic perspective of metformin.

Pharmacokinetics {#sec1-2}
================

orally, metformin has a bioavailability of 40--60%. Within 6 h of drug intake, gastrointestinal absorption is complete. Gastrointestinal absorption of metformin is mediated by plasma membrane monoamine transporter.\[[@ref1]\] Metformin does not undergo any metabolism, and it has a t~1/2~ of 5 h. Organic cation transporter (OCT) 1 and OCT3 facilitate hepatic uptake of metformin, whereas OCT2 plays a role in the uptake of metformin from the circulation, to renal epithelial cells.\[[@ref2]\] Excretion of metformin occurs by active tubular secretion through the kidneys.

Applications in Dermatology {#sec1-3}
===========================

drug has shown efficacy and therapeutic applications in dermatological disorders too. A brief description of these follows:

 {#sec2-1}

### Acanthosis Nigricans {#sec3-1}

Acanthosis nigricans (AN) is a common cutaneous condition characterized by dark, coarse and thickened skin with a velvety feel. It usually is symmetrical in distribution involving the neck, axilla, antecubital and popliteal fossa, groin folds, and rarely other sites such as face, eyelids, umbilical region, knuckles, palms, soles, nipple, and areola.\[[@ref3]\] Recently, the association of benign AN with insulin resistance and hyperinsulinemia has been clearly established with obesity being a frequent accompaniment in these patients.\[[@ref4]\] Further insulin levels in obese AN patients has been found to be significantly higher when compared to obese individuals who do not have AN.

### Role of Metformin in Acanthosis Nigricans {#sec3-2}

The pathomechanics of AN is complex involving an interplay between various receptors and growth factors.\[[@ref5][@ref6][@ref7]\] Metformin in AN brings its beneficial effects as depicted in [Figure 1](#F1){ref-type="fig"}. Moreover, combination of metformin with thiozolidones\[[@ref8]\] or glimepiride\[[@ref9]\] could potentiate the effect of metformin, on AN, in cases not responding to metformin alone

![Mechanism demonstrating the antagonizing role of metformin in acanthosis nigricans](IJPharm-48-4-g001){#F1}

![(a) Status of axillary acanthosis nigricans prior to starting therapy (b) Status of axillary acanthosis nigricans after the institution of combination therapy with metformin and tapering isotretinoin after 3 months. Considerable improvement can be visualized here. \[Figure adapted from Walling HW *et al*. Improvement of acanthosis nigricans on isotretinoin and metformin. JDD 2003;2:677-81\]](IJPharm-48-4-g002){#F2}

![(a) Status of nuchal acanthosis nigricans prior to initiation of therapy. (b) Status of nuchal acanthosis nigricans after starting treatment with metformin and tapering isotretinoin after 3 months. Considerable improvement can be visualized here. \[Figure adapted from Walling HW *et al*. Improvement of acanthosis nigricans on isotretinoin and metformin. JDD 2003;2:677-81\]](IJPharm-48-4-g003){#F3}

Studies demonstrating the beneficial action of metformin in AN\[[@ref5][@ref10][@ref11]\] have been summarized in [Table 1](#T1){ref-type="table"}.

###### 

Beneficial role of metformin in acanthosis nigricans - a review of published studies

![](IJPharm-48-4-g004)

To summarize, the pathogenesis of AN involves stimulation of receptors, belonging to tyrosine kinase family. Defect in glucose transporter 4 (GLUT 4) translocation to the plasma membrane of adipocytes and myocytes, further potentiate the activity of insulin-like growth factor receptors (IGF-R). Metformin improves hyperinsulinemia by its action on GLUT 4, therefore improving AN. In resistant cases of AN, combination therapy of thiozolidones or glimepiride with metformin would be worth trying.

### Acne {#sec3-3}

Acne is an inflammatory disorder affecting the pilosebaceous follicles. Hyperandrogenism has been found to be a significant contributory factor in a multitude of acne patients. Increased levels of IGF-1 have been demonstrated in both males and females with acne. Furthermore, a direct correlation with reference to serum IGF-1 levels and mean facial sebum excretion rate has been observed in postadolescent individuals with acne.\[[@ref12]\] In addition, serum levels of dehydrotestosterone and dehydroepiandrosterone sulfate correlated to serum levels of IGF-1. To elaborate further, in the human body IGF-1 is strongly expressed in sebocytes and suprabasal cells of the sebaceous ducts with IGF-R being voraciously expressed in all regions of sebaceous glands. As a result of this expression, there is stimulation of lipogenesis in sebaceous glands which potentiates the occurrence of acne.

### Role of Metformin in Acne {#sec3-4}

Metformin has found to play a role, particularly in hormonal acne.\[[@ref13][@ref14][@ref15]\] The exact mechanism of metformin for the same is illustrated in [Figure 4](#F4){ref-type="fig"}.

![Mechanism of metformin in acne](IJPharm-48-4-g005){#F4}

A study conducted by Tan *et al*.\[[@ref16]\] with 188 female patients suffering from polycystic ovary syndrome (PCOS) in Germany, wherein lean, overweight, and obese patients were treated with metformin in a dosage ranging from 500 to 1000 mg of metformin twice daily for a period of 6 months. At the end of the study, in all three groups, acne severity improved. Apart from this, there also was a favorable outcome with respect to menstrual irregularities, insulin resistance, and serum testosterone levels. Ibáñez *et al*.\[[@ref17]\] in a randomized open labeled trial of 34 patients with hyperinsulinemic androgen excess conducted for a period of 6 months concluded that a low dose combination of metformin, pioglitazone, and flutamide, not only helped in reduction of acne, but also had beneficial effects in biochemical parameters such as hyperinsulinemia, hypercholesterolemia, and hypertriglyceridemia.

### Disorders of Increased Pigmentation {#sec3-5}

Very recently, the role of metformin in treating hyperpigmentary disorders has been elaborated. Though, at present, these evidences are based on animal studies, very soon this anti-diabetic drug could be applied for this indication even in humans. Various mechanisms at the molecular level have been associated with this beneficial role of metformin and has been schematically represented in [Figure 5](#F5){ref-type="fig"}.\[[@ref18][@ref20]\] Metformin acts on 3 melanogenic proteins namely tyrosinase, tyrosine-related protein (TRP)-1 and TRP-2 bringing about a reduction in their expression.\[[@ref18]\] This is brought about by metformin initially reducing the levels of cyclic adenosine monophosphate, which antagonizes activation of protein kinase A. This, in turn, downregulates the expression of microphthalmia-associated transcription factor (MITF). MITF is an important transcription factor and has been referred to as the master gene for melanocyte survival. Therefore, when its activity is blocked, there is down-regulation in transcription of various melanogenic proteins such as tyrosinase, TRP-1, TRP-2, MART-1, and protein kinase C-beta (PKC-β).\[[@ref19]\] Furthermore, metformin also inhibits the activity of PKC-β. Normally after getting activated by diacylglycerol (DAG), PKC-β anchors to melanosomes and phosphorylates tyrosinase, thus stimulating melanogenesis. Metformin inhibits this activation conferred by DAG to PKC-β.\[[@ref20]\]

![Mechanism of metformin in hyperpigmentary disorders](IJPharm-48-4-g006){#F5}

However, it has been only topical metformin that has demonstrated this activity and not the systemic administration of the drug. The topical preparation was obtained after crushing metformin tablets to prepare a 30% weight: Volume solution in a standard vehicle containing 70% alcohol and propylene glycol. This solution had then been applied on the tails of experimental animals for a period of 8 weeks. The topical formulation demonstrated the role of metformin for hyperpigmentary cutaneous conditions.\[[@ref21]\]

### Eruptive Xanthomas {#sec3-6}

Eruptive xanthomas (EXs) are subcutaneous lipid deposits consisting of small, yellow papules ranging from 2 to 5 mm in diameter. They are usually associated with type I, VI, and V dyslipidemia. Metformin in EXs acts by activating adenosine monophosphate-activated protein kinase (AMPK) in hepatocytes thereby reducing the activity of acetyl-CoA carboxylase thus heralding oxidation of fatty acids and reduction in expression of lipogenic enzymes, which is responsible for the beneficial activity of metformin in this indication. A successful report of resolution of EXs in a 65-year-old gentleman with type 2 diabetes on metformin has been reported \[[Figure 6](#F6){ref-type="fig"}\].\[[@ref22]\]

![(a) Eruptive xanthomas of the right upper limb prior to treatment (b) close-up view of the same lesions prior to treatment (c) resolution of eruptive xanthomas with post inflammatory hyperpigmentation after 6 months of treatment with metformin and bezafibrate (d) close up view of the same lesions after therapy. \[Figure adapted from Striet E, Helmbold P. 65 year old man with yellow orange papules on both forearms eruptive xanthomas. Hautarzt 2009;60:834-7\]](IJPharm-48-4-g007){#F6}

### Hidradenitis Suppurativa {#sec3-7}

HS, though earlier considered a disease of apocrine glands, has now been confirmed to be primarily a disorder of the pilosebaceous unit with an associated abnormality in hair structure, with apocrine gland involvement being a secondary aspect.\[[@ref23]\] Predisposing genetic factors associated with HS heralds dilatation and distortion of the upper portion of the follicular infundibulum which is succeeded by occlusion and subsequent rupture, re-epithelialization, sinus tract formation, microbial colonization, pustulation, and fistula formation. HS has also shown to be associated with PCOS, and with the observation of decline in signs and symptoms following menopause, a relationship with regard to hormonal influences has been suggested. Further the presence of low glucose tolerance in many of these patients allows metformin to be considered as a potential treatment option in this scenario. Metformin in HS acts by a mechanism yet unknown. However, it has been postulated that metformin acts mainly by its anti-androgenic activity with a possible influence on the expression of genes involved in this condition. Second, metformin improves glucose utilization by increasing receptor sensitivity, thereby bringing about a reduction in insulin resistance.\[[@ref24]\] Verdolini *et al*.\[[@ref24]\] demonstrated the efficacy of metformin in a pilot study for treating recalcitrant HS \[Figures [7](#F7){ref-type="fig"} and [8](#F8){ref-type="fig"}\]. In this study 22 females and 3 males were treated with metformin, starting with 500 mg once daily for the 1^st^ week, and then 500 mg twice daily in the 2^nd^ week, followed by 500 mg 3 times daily from the 3^rd^ week onward. Treatment was continued for 24 weeks. Patients were evaluated based on the Dermatologic Life Quality Index (DLQI) and the Sartorius score at 0, 12, and 24 weeks. The average reduction of the Sartorius score at 12 weeks was 7.64 (*P* = 0.0055) and at 24 weeks was 12.78 (*P* = 0.0001), which was statistically significant. In 19 patients, DLQI improved with an average decrease in DLQI score of 7.6. In 16 of these patients, the improvement was significant (64%). In addition, depression which was earlier noted to be severe in 11 patients became nonsevere in 7 of the 11 patients. Arun and Loffeld\[[@ref25]\] reported a case of HS with type 2 diabetes that responded exceedingly well to metformin. Here, the patient was started with metformin 500 mg once daily with the dose gradually being increased to 1 g/day in divided doses. After 4 months of treatment, the sinus tracts and leaking abscesses on the patient\'s left axilla showed marked resolution with no discharge \[[Figure 9](#F9){ref-type="fig"}\]. Along with this, there was also considerable pain relief. A favorable tolerability profile of metformin was also witnessed in these reports.

![(a) Status of axillary hidradenitis suppurativa prior to starting therapy with metformin (b) status of axillary hidradenitis suppurativa 24 weeks after initiation of metformin therapy. To note here is that this patient had been recalcitrant to treatment with other antibiotics and after therapy with metformin noticed marked improvement. \[Figure adapted from Verdolini *et al*. Metformin in the treatment of hidradenitis suppurativa: a little help along the way. JEADV 2013;27:1101-8\]](IJPharm-48-4-g008){#F7}

![(a) Hidradenitis suppurativa of the groins and the abdominal area prior to treatment with metformin (b) similar patient 12 weeks after initiation of metformin therapy with considerable improvement. \[Figure adapted from Verdolini *et al*. Metformin in the treatment of hidradenitis suppurativa: a little help along the way. JEADV 2013;27:1101-8\]](IJPharm-48-4-g009){#F8}

![(a) Status of axillary hidradenitis suppurativa prior to starting therapy with metformin (b) Status of axillary hidradenitis suppurativa 4 months after commencement of treatment with metformin. To note here is the marked improvement in sinus tracts and leaking abscesses. \[Figure adapted from Arun B, Loffeld A. Long standing hidradenitis suppurativa treated effectively with metformin. CED 2009;34:920-1\]](IJPharm-48-4-g010){#F9}

### Hirsutism {#sec3-8}

Hirsutism is defined as excessive growth of terminal hair in a male distribution on a woman\'s body. Specific sites included here are lips, chin, and chest. In approximately, 90% of hirsute females, there is an underlying PCOS or it may be idiopathic. It has been proposed that reduction in circulating insulin levels leads to a decrease in the concentration of free circulating levels of androgens, and, therefore, metformin may have a role in ameliorating hirsutism. There have been very few studies that have examined the influence of metformin on hirsutism as the primary end point. Kelly and Gordon\[[@ref26]\] in a 14 months randomized, double-blind, placebo controlled crossover trial, demonstrated a modest reduction in the Ferriman--Gallwey (F-G) score at the end of treatment. In this study initially 500 mg of metformin was administered followed by a gradual increase of the drug over 3 weeks to 500 mg 3 times daily till the end of treatment. Ibáñez *et al*.\[[@ref27]\] concluded that metformin therapy in girls aged 8--12 years with a combined history of low birthweight and precocious pubarche was effective in delaying development of androgen excess, oligomenorrhoea, PCOS and hirsutism than its late administration in girls aged 13--14 years. Finally, a randomized controlled trial of 70 patients with PCOS who received metformin along with intense pulse light (IPL) for hair removal when compared to IPL alone for 5 sittings over a period of 6 months, demonstrated the superiority of the regimen employing metformin in combination with IPL.\[[@ref28]\] However, the role of metformin as a whole in hirsutism has been limited to only a few studies. Further, the F-G score prior to therapy in the studies published so far was only of a moderate grade. Therefore, ideally, how effective metformin would be in this regard as monotherapy is still questionable. More randomized studies in this aspect with a longer duration of therapy and comparison with other established therapies for the same is therefore mandated to prove this point. Currently, though, metformin should not be prioritized as a first line drug for hirsutism till more evidence is obtained in this regard.

### Psoriasis {#sec3-9}

Psoriasis is a common, chronic inflammatory disease of the skin. However, now psoriasis has been recognized more as a systemic disorder. There have been many studies in recent years evaluating the role of metformin in psoriasis. Though, not very clear at the moment, the mechanism of metformin action in psoriasis has been suggested by various authors. Metformin acts on the enzyme AMPK and activates it. Once activated this enzyme has shown to demonstrate anti-inflammatory responses by down-regulating the activity of dendritic cells, T lymphocytes, macrophages, endothelial cells, and monocytes. Apart from this, metformin also has shown AMPK independent anti-inflammatory properties. By inhibiting Complex I (NADH-ubichinone-reductase) located in the inner mitochondrial membrane, metformin reduces the formation of reactive oxygen species and can therefore profoundly change T cell responses.\[[@ref29][@ref30][@ref31]\] Further, in experimental studies, metformin has shown to ameliorate hepatic toxicity related to methotrexate\[[@ref32]\] and, therefore, could serve as an add-on with methotrexate in managing psoriasis, making the usage of methotrexate safer. These benefits of metformin in psoriasis have been particularly demonstrated in patients with metabolic syndrome and/or reduced glucose tolerance.

### Skin Cancer {#sec3-10}

Of late, the role of metformin for chemoprevention of skin cancer has been proposed.\[[@ref33]\] There has been emerging evidence with regard to metformin as an antitumor agent for melanoma and squamous cell carcinoma (SCC).\[[@ref34][@ref35]\]

### Squamous Cell Carcinoma {#sec3-11}

The role of metformin for chemoprevention of SCC is brought about by its stimulatory effect on AMPK, which inhibits the mechanistic target of rapamycin signaling pathway.\[[@ref36]\] There has also been a recent study which demonstrated an AMPK independent role of metformin as an antitumor agent.\[[@ref37]\] Furthermore, metformin induces apoptosis and increases Bax:Bcl~2~ ratio in SCC cell lines. Bax is a proapoptotic protein whereas Bcl~2~ is an antiapoptotic protein. Therefore, this enhancement stimulates apoptotic death of tumor cells.\[[@ref38]\] Along with this, metformin also targets nuclear factor-kappa-beta pathway and modulates PI3K/AK^+^ and ERK/p38 microtubule-associated protein kinase signaling pathways, thus bringing about a decline in these pathways that are involved in bringing about cellular replication and survival. Currently, metformin has also found to play a role in inhibiting the growth of cancer stem cells and antagonizing the inflammation seen following cellular transformation in carcinoma breast.\[[@ref39][@ref40]\] To add to the beneficial properties of metformin in SCC, it has also shown to potentiate effects of standard chemotherapeutic agents such as doxorubicin, paclitaxel, and cisplatin in breast cancer xenografts.\[[@ref41]\]

### Melanoma {#sec3-12}

Metformin activates AMPK, which brings about anti-cancer signaling in melanoma, by stimulating the p53 tumor suppressor gene.\[[@ref35]\] Further metformin represses transcription factors Snail and Slug, blocks epithelial-mesenchymal transition in melanoma and decreases the activity of matrix metalloproteinase, therefore promoting anti-invasive and antimetastatic effects. A recent study by Martin *et al*.\[[@ref40]\] demonstrated that metformin by upregulating vascular endothelial growth factor (VEGF) could accelerate the growth of BRAF^V600E^ mutated melanoma cells *in vitro*. Interestingly, when metformin was combined with VEGF inhibitors, the growth of these malignant cells was suppressed *in vivo*. Therefore, with this data, it could be prudent to conclude that combination therapy of BRAF mutant melanoma resistant to BRAF inhibitors, with metformin and VEGF antagonists, could be a valuable alternative.

Contraindications to Metformin {#sec1-4}
==============================

should be used with caution if serum creatinine is 150 μmols/l or higher, in patients with hypersensitivity to the drug, in conditions such as myocardial infarction or sepsis where tissue hypoxia is suspected. In case of administration of iodine-containing contrast media, metformin is to be withdrawn for 3 days and restarted only after normal renal function has been confirmed.\[[@ref41]\]

Drug Interactions {#sec1-5}
=================

Cationic drugs such as cimetidine, nifedipine, and frusemide that are eliminated by renal tubular secretion have a strong potential of interacting with metformin. They compete with OCT2 in the tubular epithelial cells and, therefore, may play a role in increasing the concentration of metformin in the circulation. Therefore, in patients simultaneously receiving these drugs, careful monitoring of patients, along with dose adjustments of metformin is warranted. These drugs if not appropriately monitored may increase the risk of lactic acidosis.\[[@ref42]\]

Dosing and Monitoring {#sec1-6}
=====================

In adults, metformin is initiated in dose of 500 mg twice daily with an increment of 500 mg every week or 850 mg every other week to reach a maximum daily dose of 2550 mg. In children from the age of 10 to 16 years also, treatment is initiated with metformin 500 mg twice daily, which is increased with 500 mg of the drug every week to reach a maximum dose of 2000 mg/day in divided doses. Hemoglobin, hematocrit, red blood cell indices, and renal function tests need to be monitored periodically in all patients receiving metformin, at least once a year after the initial check-up.\[[@ref43]\]

Adverse Effects {#sec1-7}
===============

 {#sec2-2}

### Follwing Adverse Effects of the Drug Have Been Reported {#sec3-13}

### Cutaneous {#sec3-14}

There has been a report of bullous pemphigoid developing after metformin use in a patient who was also receiving gliptins. However, whether metformin was responsible for the dermatoses, in this case, was not clear.\[[@ref44]\] Metformin-induced lichen planus had been elaborated in a case report by Azzam *et al*.\[[@ref45]\] There have been several reports indicating metformin responsible for the development of leukocytoclastic vasculitis.\[[@ref46]\]

### Noncutaneous {#sec3-15}

These include flatulence, indigestion, myalgia, nausea, vomiting, diarrhea, heartburn, palpitations, lightheadedness, dyspnea, lactic acidosis, and flu-like symptoms.

Conclusion {#sec1-8}
==========

Although primarily metformin plays a role in the management of type 2 diabetes mellitus, the drug demonstrates a therapeutic potential of various cutaneous disorders, especially those linked with hyperinsulinemia and hyperandrogenism. Very recently, there have been encouraging reports of metformin in cutaneous malignancies and hyperpigmentary disorders. Surprisingly, in disorders associated with increased pigmentation, in animal studies done metformin could only execute its antagonistic role in pigmentation as a topical preparation. Thus, metformin may have both systemic and topical utility in Dermatology.
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